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ANNEX C SAR Measurement Setup

C.1 Measurement Set-up

The Dasy4 or DASY5 system for performing compliance tests is illustrated above graphically. This
system consists of the following items:

Picture C.1 SAR Lab Test Measurement Set-up

A standard high precision 6-axis robot (Staubli TX=RX family) with controller, teach pendant
and software. An arm extension for accommodating the data acquisition electronics (DAE).

An isotropic field probe optimized and calibrated for the targeted measurement.

A data acquisition electronics (DAE) which performs the signal amplification, signal multiplexing,
AD-conversion, offset measurements, mechanical surface detection, collision detection, etc.
The unit is battery powered with standard or rechargeable batteries. The signal is optically
transmitted to the EOC.

The Electro-optical converter (EOC) performs the conversion from optical to electrical signals
for the digital communication to the DAE. To use optical surface detection, a special version of
the EOC is required. The EOC signal is transmitted to the measurement server.

The function of the measurement server is to perform the time critical tasks such as signal
filtering, control of the robot operation and fast movement interrupts.

The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the
probe positioning.

A computer running WinXP and the DASY4 or DASY5 software.

Remote control and teach pendant as well as additional circuitry for robot safety such as
warning lamps, etc.

The phantom, the device holder and other accessories according to the targeted measurement.
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C.2 Dasy4 or DASY5 E-field Probe System

The SAR measurements were conducted with the dosimetric probe designed in the classical
triangular configuration and optimized for dosimetric evaluation. The probe is constructed using the
thick film technique; with printed resistive lines on ceramic substrates. The probe is equipped with
an optical multifiber line ending at the front of the probe tip. It is connected to the EOC box on the
robot arm and provides an automatic detection of the phantom surface. Half of the fibers are
connected to a pulsed infrared transmitter, the other half to a synchronized receiver. As the probe
approaches the surface, the reflection from the surface produces a coupling from the transmitting to
the receiving fibers. This reflection increases first during the approach, reaches maximum and then
decreases. If the probe is flatly touching the surface, the coupling is zero. The distance of the
coupling maximum to the surface is independent of the surface reflectivity and largely independent
of the surface to probe angle. The DASY4 or DASY5 software reads the reflection durning a
software approach and looks for the maximum using 2™ ord curve fitting. The approach is
sbottomped at reaching the maximum.

Probe Specifications:

Model: ES3DV3, EX3DV4
Frequency 10MHz — 6.0GHz(EX3DV4)
Range: 10MHz — 4GHz(ES3DV3)
Calibration: In head and body simulating tissue at
Frequencies from 835 up to 5800MHz
Linearity: + 0.2 dB(30 MHz to 6 GHz) for EX3DV4 Picture C.2 Near-field Probe

% 0.2 dB(30 MHz to 4 GHz) for ES3DV3
Dynamic Range: 10 mW/kg — 100W/kg
Probe Length: 330 mm
Probe Tip
Length: 20 mm
Body Diameter: 12 mm
Tip Diameter: 2.5 mm (3.9 mm for ES3DV3)
Tip-Center: 1 mm (2.0mm for ES3DV3)
Application: SAR Dosimetry Testing
Compliance tests of mobile phones
Dosimetry in strong gradient fields

Picture C.3 E-field Probe
C.3 E-field Probe Calibration

Each E-Probe/Probe Amplifier combination has unique calibration parameters. A TEM cell
calibration procedure is conducted to determine the proper amplifier settings to enter in the probe
parameters. The amplifier settings are determined for a given frequency by subjecting the probe to a
known E-field density (1 mW/cm?) using an RF Signal generator, TEM cell, and RF Power Meter.

The free space E-field from amplified probe outputs is determined in a test chamber. This
calibration can be performed in a TEM cell if the frequency is below 1 GHz and inn a waveguide or
other methodologies above 1 GHz for free space. For the free space calibration, the probe is placed
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in the volumetric center of the cavity and at the proper orientation with the field. The probe is then
rotated 360 degrees until the three channels show the maximum reading. The power density
readings equates to 1 mW/ cm?.
E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate
simulated brain tissue. The E-field in the medium correlates with the temperature rise in the
dielectric medium. For temperature correlation calibration a RF transparent thermistor-based
temperature probe is used in conjunction with the E-field probe.
SAR=C £

At
Where:
At = Exposure time (30 seconds),
C = Heat capacity of tissue (brain or muscle),
AT = Temperature increase due to RF exposure.

E[ o

o,

SAR =

Where:
o = Simulated tissue conductivity,
p = Tissue density (kg/m?).

C.4 Other Test Equipment
C.4.1 Data Acquisition Electronics(DAE)

The data acquisition electronics consist of a highly sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a fast 16 bit AD-converter and a command
decoder with a control logic unit. Transmission to the measurement server is accomplished through
an optical downlink for data and status information, as well as an optical uplink for commands and
the clock.

The mechanical probe mounting device includes two different sensor systems for frontal and
sideways probe contacts. They are used for mechanical surface detection and probe collision
detection.

The input impedance of the DAE is 200 MOhm; the inputs are symmetrical and floating. Common
mode rejection is above 80 dB.

PictureC.4: DAE
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C.4.2 Robot

The SPEAG DASY system uses the high precision robots (DASY5: TX90XL) type from Staubli SA
(France). For the 6-axis controller system, the robot controller version from Staubli is used. The
Staubli robot series have many features that are important for our application:

» High precision (repeatability 0.02mm)

High reliability (industrial design)

Low maintenance costs (virtually maintenance free due to direct drive gears; no belt drives)
Jerk-free straight movements (brushless synchron motors; no stepper motors)

Low ELF interference (motor control fields shielded via the closed metallic construction shields)

YV V V V

PictureC.5: DASY5 Robot
C.4.3 Measurement Server

The Measurement server is based on a PC/104 CPU broad with CPU (dasy4: 166 MHz, Intel
Pentium; DASY5: 400 MHz, Intel Celeron), chipdisk (DASY4: 32 MB; DASY5: 128MB), RAM
(DASY4: 64 MB, DASY5: 128MB). The necessary circuits for communication with the DAE
electronic box, as well as the 16 bit AD converter system for optical detection and digital 1/0
interface are contained on the DASY |/O broad, which is directly connected to the PC/104 bus of the
CPU broad.

The measurement server performs all real-time data evaluation of field measurements and surface
detection, controls robot movements and handles safety operation. The PC operating system
cannot interfere with these time critical processes. All connections are supervised by a watchdog,
and disconnection of any of the cables to the measurement server will automatically disarm the
robot and disable all program-controlled robot movements. Furthermore, the measurement server is
equipped with an expansion port which is reserved for future applications. Please note that this
expansion port does not have a standardized pinout, and therefore only devices provided by
SPEAG can be connected. Devices from any other supplier could seriously damage the
measurement server.
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Picture C.6 Server for DASY 4 Picture C.7 Server for DASY 5

C.4.4 Device Holder for Phantom

The SAR in the phantom is approximately inversely proportional to the square of the distance
between the source and the liquid surface. For a source at 5mm distance, a positioning uncertainty
of £0.5mm would produce a SAR uncertainty of £20%. Accurate device positioning is therefore
crucial for accurate and repeatable measurements. The positions in which the devices must be
measured are defined by the standards.

The DASY device holder is designed to cope with the different positions given in the standard. It has
two scales for device rotation (with respect to the body axis) and device inclination (with respect to
the line between the ear reference points). The rotation centers for both scales is the ear reference
point (ERP). Thus the device needs no repositioning when changing the angles.

The DASY device holder is constructed of low-loss

POM material having the following dielectric

parameters: relative permittivity £=3 and loss tangent ¢ =0.02. The amount of dielectric material
has been reduced in the closest vicinity of the device, since measurements have suggested that the
influence of the clamp on the test results could thus be lowered.

<Lapbottom Extension Kit>

The extension is lightweight and made of POM, acrylic glass and foam. It fits easily on the upper
part of the Mounting Device in place of the phone positioner. The extension is fully compatible with
the Twin-SAM and ELI phantoms.

Picture C.8-1: Device Holder Picture C.8-2: Lapbottom Extension
Kit

C.4.5 Phantom

The SAM Twin Phantom V4.0 is constructed of a fiberglass shell integrated in a table. The shape of
the shell is based on data from an anatomical study designed to
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Represent the 90" percentile of the population. The phantom enables the dissymmetric evaluation
of SAR for both left and right handed handset usage, as well as body-worn usage using the flat
phantom region. Reference markings on the Phantom allow the complete setup of all predefined
phantom positions and measurement grids by manually teaching three points in the robot. The shell
phantom has a 2mm shell thickness (except the ear region where shell thickness increases to 6
mm).

Shell Thickness: 2+ 0.2 mm

Filling Volume:  Approx. 25 liters

Dimensions: 810 x 1000 x 500 mm (H x L x W)

Available: Special

Picture C.9: SAM Twin Phantom
The ELI4 phantom is constructed of a fiberglass shell integrated in a wooden table. The shape of
the shell is based on data from an anatomical study designed to determine the maximum exposure
in at least 90% of all users. The ELI4 phantom is intended for compliance testing of handheld and
body-mounted wireless devices in the frequency range of 30MHz to 6GHz. ELI4 is fully compatible
with the latest standard IEC 62209-2 and all known tissue simulating liquids. A cover prevents the
evaporation of the liquid. Reference markings on the Phantom allow the complete setup of all
predefined phantom positions and measurement grids by manually teaching three points in the
robot.
Shell Thickness  2+0. 1 mm
Filling Volume  Approx. 20 liters
Dimensions 810 x 1000 x 500 mm (H x L x W)
Available Special

Picture C.10: SAM Twin Phantom
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ANNEX D Position of the wireless device in relation to the phantom

D.1 General Considerations

This standard specifies two handset test positions against the head phantom — the “cheek” position
and the “tilt” position.

Vertical Vertical
Center Lme Center Line
w2, _ w2 | w2
P Horizontal - 1

-~

E Line : :
/Hori/zontal /
] Line A Acoustic
A Output
Acoustic B Bottomof ~ ymwm
Output Handset B
Bottom of
Handset
wb,rz 1-1?,5/2
wy/2
W, Width of the handset at the level of the acoustic
w, Width of the bottom of the handset
A Midpoint of the width w, of the handset at the level of the acoustic output
B Midpoint of the width w, of the bottom of the handset

Picture D.1-a Typical “fixed” case handset Picture D.1-b Typical “clam-shell” case handset

Picture D.2 Cheek position of the wireless device on the left side of SAM
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Picture D.3 Tilt position of the wireless device on the left side of SAM

D.2 Body-worn device

A typical example of a body-worn device is a mobile phone, wireless enabled PDA or other battery
operated wireless device with the ability to transmit while mounted on a person’s body using a carry
accessory approved by the wireless device manufacturer.

-

o
-z
-

-
Ugy, iy

Picture D.4 Test positions for body-worn devices

D.3 Deskbottom device

A typical example of a deskbottom device is a wireless enabled deskbottom computer placed on a
table or desk when used.

The DUT shall be positioned at the distance and in the orientation to the phantom that corresponds
to the intended use as specified by the manufacturer in the user instructions. For devices that
employ an external antenna with variable positions, tests shall be performed for all antenna
positions specified. Picture 8.5 show positions for deskbottom device SAR tests. If the intended use
is not specified, the device shall be tested directly against the flat phantom.
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Picture D.5 Test positions for deskbottom devices

D.4 DUT Setup Photos

Picture D.6
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ANNEX E Equivalent Media Recipes

The liquid used for the frequency range of 800-3000 MHz consisted of water, sugar, salt, preventol,
glycol monobutyl and Cellulose. The liquid has been previously proven to be suited for worst-case.
The Table E.1 shows the detail solution. It's satisfying the latest tissue dielectric parameters
requirements proposed by the IEEE 1528 and IEC 62209.

Table E.1: Composition of the Tissue Equivalent Matter

Frequency (MHz) ‘ 835 Head ‘ 835 Body | 1900 Head | 1900 Body | 2450 Head | 2450 Body
Ingredients (% by weight)
Water 41.45 52.5 55.242 69.91 58.79 72.60
Sugar 56.0 45.0 \ \ \ \
Salt 1.45 14 0.306 0.13 0.06 0.18
Preventol 0.1 0.1 \ \ \ \
Cellulose 1.0 1.0 \ \ \ \
Glycol Monobutyl \ \ 44.452 29.96 41.15 27.22
Dielectri
lelectric £=415 | €=552 | €=40.0 | =533 £=30.2 £=52.7
Parameters
0=0.90 0=0.97 0=1.40 0=1.52 0=1.80 0=1.95
Target Value
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ANNEX F System Validation

The SAR system must be validated against its performance specifications before it is deployed.
When SAR probes, system components or software are changed, upgraded or recalibrated, these

must be validated with the SAR system(s) that operates with such components.

No. 2013EEB00134
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Table F.1: System Validation

System No. | Probe SN. Liquid name | Validation date | Frequency point | Status (OK or Not)
3151 Head 850MHz May. 21, 2012 850 MHz OK
3151 Head 850MHz May. 21, 2012 900 MHz OK
3151 Head 1800MHz | May. 22, 2012 1800 MHz OK
3151 Head 1900MHz | May. 22, 2012 1900 MHz OK
3151 Head 2000MHz | May. 23, 2012 2000 MHz OK
3151 Head 2100MHz | May. 23, 2012 2100 MHz OK
3151 Head 2450MHz | May. 23, 2012 2450 MHz OK
3151 Head 2550MHz | May. 24, 2012 2550 MHz OK
3151 Head 2600MHz | May. 24, 2012 2600 MHz OK
3151 Body 850MHz May. 24, 2012 850 MHz OK
3151 Body 850MHz May. 24, 2012 900 MHz OK
3151 Body 1800MHz | May. 25, 2012 1800 MHz OK
3151 Body 1900MHz | May. 25, 2012 1900 MHz OK
3151 Body 2000MHz | May. 25, 2012 2000 MHz OK
3151 Body 2100MHz | May. 26, 2012 2100 MHz OK
3151 Body 2450MHz | May. 26, 2012 2450 MHz OK
3151 Body 2550MHz | May. 26, 2012 2550 MHz OK
3151 Body 2600MHz May. 26, 2012 2600 MHz OK
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ANNEX G Probe Calibration Certificate

Calibration Laboratory of
Schmid & Pariner

En AG
gineering

43, B004 Turich, Switearland

Accraditgd By tha Swiss Accreditation Sendos (SAS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilataral Agreemant for the recogaition of calibration cenificstis

This calibration cenificaln documents the acestiity 1o national standards, which reakzo the physical units of measuremienis (S1),
Thets Ervisissasaniintits snd e unceriaintios with confidance probabiliey are geeen on thi lleing pages and s part of the certiicaln,

A caibrasions e been conducted i the cosed laboratory faclity: srvironment tempsrtuns (22 £ 31°C and humiity < 0%, |

Primany Standands 5] | Cal Dals (Coificate Mo ) Schedubed Calibration |
P rwsbis’ E44 108 GBS 28-Mar-12 (No. 217401508) Ape-13
| Power sonsor E441204 MTY4140B08T 20-Mar-12 (Ho, 217-91508) Apr-13

Rulorerce 3 ¢B Atlonustor BH: B5054 [3c) 27-Mar-12 (o, 11T-01551) Apr-13

Radprencs 30 68 Atlenualor SM: E5086 [206) ET-Mar-12 (o, 217-01528) Apr-13

Ridorinc 30 dB Alonuator SM: S5120 [306) ET-Mar12 (Po. 21T-H153F) Apr-13

Rederence Probe ESI0VZ SM: 3013 9-Due-11 ES3-3013 Deci1) Dec-12
| DAE4 SM: 5560 A0eJan12 {Ho. DAE4-BED_Jani2) Jaer-13

Secondary Standards 12} CPriech Duab (3 Pocasha) Sehwdulid Check

RF gonarator HP BR4BC IS0 700 d=ayg-39 (in houss check Apr11) in house chck: Ape-13
Hetwork Anabrrer HP BTS3E LIS 3T SRS A8-0ct-01 (i houssa chaek: Oet-11) In housa chck: Ocl-12

Function l

Calibrated by:

Easund: Apil 24, 2012

Thiss calibration Cevtiicate shul ol i reproduce sxcopt in full without wrthisn Sppiowal of B Baborsiony.

Cartificate Mo ES3-3151_Apri2 Page 10f 11
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Calibration Laboratory of

= Schrwaizorischs Falibeigrdicnss
Schmid & Partner Sarvice suisse dEtabonnags
Engineering AG Servizho svizeero di tarshara

Zoughausstrasse 43, 2004 Zurich, Switterland Swiss Calibration Service

Aocrdited by Te Swiss Accroditlion Servica (SAS) Accraditation Ho.: SCS 108
Tha Swiss Accredistion Servics 15 one of the signatories io the EA

Muttilatoral Ag t foe Eha Fecognition of calibration cenificatos

Glossary:

TSL tissue simulating liquid

INORMx, ¥z sensitivity in free spacs

ConvF sensilivity in TSL / NMORMx.y.z

DCP dicde compression point

CF crast factor (1/duty_cycla) of the RF signal

A8 C midulation dependent linearization parametans

Polarization ¢ i rotation around probe axis

Polarization % 4 rotation around an axis that is in the plane normal 1o probe axis (at measurement center),

i, 8 = 0is normal to probée axis

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “IEEE Recommended Practice for Dedermining the Peak Spalial-Averaged Spacific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques™, December 2003

b) IEC 622081, *Frocedure fo measure the Specific Absorption Fate (SAR) for hand-hekd devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

*  NORMx,y.2: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
MNORM.y.z are only intermediate values, e, the uncemainties of NORM=,y,z does not affect the E*finid
uncertainty inside TSL (see balow ComF).

= NORM{fx.y.z = NORMzy.z * frequency_response (see Frequency Response Chan). This linearization ts
implemented in DASY4 software versions laber than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Com.

+  DCPxy,z: DCP are numerical linearzation parameters assessed based on the data of power swaap with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

= PAR: PAR is the Peak to Average Ratio that is not calibrated bul determined based on the signal
characteristics

¢ Axyz Bxy.z Cryz VRxpr A, B C are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximun calibration range expressed in RMS voltage across the dicde.

+  ConvF and Boundary Effect Faramelers; Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f = 800 MHz) and inside waveguide using analylical fisld distributions based on power
measunements for { > 800 MHz. The same selups are used for assessment of the parametars appled for
boundary compensation (alpha, depth) of which typical uncerainty values ane given. These paramelers ang
used in DASY4 software 1o improve probe accuracy close to the boundary. The sensitivity in TSL
to WORM:x,p,Z * Conv whereby the uncertainty comesponds o that given for ConvF. A frequency dependant
ComvF is used in DASY version 4.4 and higher which allows exlanding the valdity from £ 50 MHz to £ 100
MHZz.

= Sphencal isolropy (3D deviation from isclrapy): in a field of low gradients realized using a flat phantom
exposed by a patch anlenna.

*  Sensor Offsal: The sensor offset cormesponds to the offsal of vilual measurement center from the probe Hp
{on probe axis). Mo lolerance required.

Cenificate Mo: ES3-3151_Apri2 Pago 2 of 11
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ES30V3 - SH:3151 Apil 24, 2012

Probe ES3DV3

SN:3151

Manufactured:  June 12, 2007
Calibrated: April 24, 2012

Calibrated for DASY/EASY Systems
(Mote: nen-compatible with DASY2 system!)

Cerificate Mo: ES3-3151_Apri2 Page 3 of 11
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ES30V3- SM:3151 Aprl 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3151

Basic Calibration Parameters

Jics Sansor X Sensor Y Sansor Z Uit (k=)
Marm {uWiWm)*)" 1.16 1.29 1.18 £10.1%
DCP (mV]" ; 100.6 1006 102.8

Modulation Calibration Parameters
uip Communication System Name PAR A B [ VR Une"

dB dB dB my (k=2)

[1] [=1 0.00 x 0,00 0,00 1.00 149.8 4.1 %
¥ | 000 0.00 100 | 1128
Z 0.00 0.00 1.00 110.3

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 95%.

:mwﬂ?quxzmmmm?-mmwmraimpmswm

I  uncortainty rol mguined
Wum using the mae:, gipaaticn froen Enoar response spplying rectangulsr distribution and s expressed for tha sausie of the
wallig.

Cerificale Mo: ES3-3151_Apri2 Paga 4 of 11
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ES30VE- SM:3151 Aprl 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3151

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) nfn:m 1 m{ﬂf@w ComvF X | ComwF Y | ConvFZ m_&_?im ;“-%
B50 41.5 0.9z 6.27 6.27 B.27 028 | 214 | +120%
800 41.5 0.97 6.17 B.A7 BAT 021 | 252 | s120% |
1810 0.0 140 B.11 511 5.11 059 | 139 | $120%
1800 40.0 1.40 5.06 5.06 5.06 056 | 138 | +120%
2000 0.0 1.40 5.0 5.01 5.01 078 | 122 | +120%
2100 39.8 1.49 5.08 5.06 5.06 055 | 140 | :120%
2450 582 1.80 4.44 444 444 074 | 124 | +120%
2550 3.1 181 4.20 420 420 080 | 119 | 2120%
2600 39.0 1.86 4.37 427 4,37 080 | 148 | +120%

@l the ConwF UETICY .
" AL aquoncies buskcrar 3 3z, B wnliclity of thisan parameters (& and =) con b relased 10 © 109% i lkged compansation formula s apgsed i
maasued SAR viluss. Al irequencies above 3 GHE. B validity of tissue paramebers [z and o) i resiriced ko + 5%. The uncentainty is the RSS of
thé ConvF uncerainty for indicaled langed tissue parameters.

* Froquancy validity of + 100 MHz onky applies for DISY w4 nnd highor (54 Pige 2), alse it is resiricted 1o & 50 Mz The uncerainty i the ASS
uncortsinty i calibenlion frecuency snd the uncertainty for th indicatid | band

—

Cerlificate No: ES3-3151_Apri2 Page Saof 11
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ES30VI- 5M:=3151 Agril 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3151

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dapih Unct.
f{MHz)® | Pormittivity" {&fm) " ConwF X | ComvFY | ComvFZ | Alpha | (mm) k=2)

850 55.2 0.99 5.07 £.07 8.07 0.34 .73 | +12.0%
800 55.0 1.05 6.14 6.14 B.14 0.62 128 | #120%
1810 53.3 1.52 491 491 4.91 030 | 275 | £120%
1800 53.3 1,52 4.70 4.70 4.70 033 | 226 | £#120%
2000 53.3 1.52 4.73 4.73 4.73 032 | 24 +12.0 %
2100 53.2 1.62 4.88 4.88 4.88 035 | 202 | £120%
2450 52.7 1.95 4.24 424 4.24 0.80 067 120 %
2550 52.6 208 4.14 4.14 4.14 .80 050 | £120%
2800 52.5 216 4.05 4.05 4.05 080 | 058 | £120%

‘mmﬂttmﬂhwmmwu4mm:mmm wi50 it is restriciod 1o & S0 MHEz. The uncerainty is te RSS
ﬂthumﬁm thiy uncertsinty for the indicaled fregusncy band.
"*ﬂmhﬁwﬁﬁhwﬂwurmmunmmumu=1wrmmm-mb
miasiieg SAR vk, Al freguencias abowe 3 GHz, the validity of tssue parametens (x and o) ks mstriched 1o £ 5%, Tha uncertairty is the RSS of
tha ComwF uncanainty for indicated tangel ISsul parMmabers.

Certificale Noc ES3-3151_Apri2 Page G of 11
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ES3DV3- SM:3151 April 24, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

TN e S

e e e L A

Frequency response (nofmalized)

09 i
pad %
Py o (SRR | "mm""mmm”m"mmmimm”."".?

T SR | KN A

Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)

Certificate Moc ES3-3151_Apr12 Page T of 11
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ES30V3= SN 3151 April 24, 2012

Receiving Pattern (¢4), 9 = 0°

=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £0.5% (k=2)

Certificate Mo: ES3.3151_Apri2 Page & of 11
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ES30VI- SM:3151 April 24, 2012

Dynamic Range f(SARad)
(TEM cell , f = 900 MHz)

2

Input Sigral [Uv]

| [T i
| | |
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E |:| ;__\_\*:l - [-E-] L, L B e T e -.-‘:J_L.:_:‘_. L T .
o = i H b dedd .i' ddd
1 Il

19 10t 102
SAR [mWiem3]
rod compensated SO PN il

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Cartificate Mo: ES3-3151_Apr12 Page 9ol 11
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ES30WV3= SM:3151 Agpel 24, 2012
Conversion Factor Assessment
f = 900 MHz WGLS RS (H_conv&) 1= 1900 MMz WGLS R22 (H_come)
A
T mTN
g ”,.: N g “i .l--'-|I
Iml"-;I . o ] = - ; n.'-r':: o;h”im Lm ; " :ul i o] £ ‘;I‘ .q
) F i
= 2, i ot
Deviation from Isotropy in Liquid
Error (4, 9), f = 900 MHz _
il
08 [
na
0.4 |
£o2 |
E 0.0 !
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04 {
=08 |
0.8
-1.0
o

-0 -08 -08 04 02 00 02 04 08 08 10
Uncaertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ES3DVI- SN:3151 Apil 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3151

Other Probe Parametars

Sensor Armangement Triangular
Connector Angle [*) 856
Machanical Surface Detection Mode enabled
Oplical Surface Delection Mode disabled
Probe Overall Length 337 mm
Probe Body Diamedar 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip o Sensor X Calibration Point Zmm |
Probe Tip to Sensor Y Calibration Paint 2 mm
Frobe Tip to Sensor Z Calibration Point Zmm
Recommended Measurament Distance from Sudace amm |

Cartificate Ma: ES3-3151_Ape12 Page 11.af 11
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ANNEX H Dipole Calibration Certificate
835 MHz Dipole Calibration Certificate

Calibration Laboratory of

,\:"'1"'""%"“

Wt & Schweizeriachar Kallbrierdlenst
Schmid & Partner iﬁ‘ﬁwﬁé G Service s détaionnage
Engineering AG X > Servizo svizeno di taratura
Zrughausstrasse 43, BI04 Zurich, Switzerand '/"’ﬁf S Gwiss Calibration Service

Accradited by the Bwiss Accedlabion Senice (SAS)
The Swise Accreditation Service |5 one of the signatoriea to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

TM¢:$Z {Auden)

A
el

Accreditation No: SCS 108

Cartificate No: DB35SV2-4d057_Oct12

CALIBRATION CERTIFICATE

Ohject

Cafbralion procadurs(s)

Calioration date:

Da3sM2 - SM: 4d057 i §

QA CAL-05.v3

Calibration procedure for dipole validation kits above 700 MHz

Octobar 24, 2012

Calibration Equigeient uzed [METE crilical for calibratien)

T,

This calibration cartificats documsnis the raceability to national standards, which raglize the physical unis of measufements (S1).
Tha measuraments and the uncertainties wilh eonlidencs probabdity are ghvan on the following pages and are part of tha cartificats.

Al cabbretions havs been conductad in the closed laboratory facily: environment temparafune (22 + 5°C end humidity = 70%.

Thiz celibretion cerificata shall not be reproduced exsepl in ful wilhaul wiitten approval of Qe Eboelory.

Tachnical Menagar

Primary Standardg 1 # Cal Data (Certificale Noj L Seheduled Calibralion

Power meter EPM-4424 GBIT4E0704 050ct-11 (Mo, 217404451) Oel-12

Powar g=nsar HP 84814 LIS372582783 05-Oct-11 (Moo 217-01451) Oct-12

Aefarsnca 20 dB Attamslar SN: 5058 (20k) 27-8ar-12 (No. 21701530} Apr-13

Type-N mismaich combinalion SM: 50472/ 06527 27-Mar-12 (No. 21701533} Apr-i3

Aeference Probe ESE0VE SM: 3205 30-Dsc-11 (No. ES3-3205_Deci1) Dec-12

DAE4 SM: &1 27-Jun-12 (Mo, DAE4-GI_Juni2) Jun-13

Secondary Standards D # Check Dets (n housa) Scheduled Chack

Powar sansor HP B4B1A MY41082317 18-0c1-02 (in house check 0c-11) In house eheck: DCl-13

RF generator RAS SMT-08 100305 04-Aug-89 (in house check Oct-11) In hause eheck: Ocf-13

Hatwork Analyzer HP BTSSE USITIBOGES 54206 18-Oct-01 (in house checxk Oot-12) In house checke Ocl-13
Naria Functicn Signature 3

Calibratsd by: Isrze El-Nadug ' Laboralory Feshnician O

Agprowed Dy Katja Pokavic

.

Isgued Octobsr 24, 2012

Cerlificate No: D&35\2-4d057_Oct12
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Calibration Laboratory of

; S Schweizerischer Kalibrierdienst
Schmid & Partner p Barviee sulsse d'étalonnage
Engineering AG Servizlo svizzere di taratura
Zepghausstrasse 43, BI04 Zurich, Switzerland S  Swiss Calibration Service
Accredited by the Swiss Accreditstion Sarvice (SAS) Accreditation Mo.: SCS 108

The Swiss Accredilation Service is one of the signataries to the EA
Multliateral Agreemaent for the recognition of calibration certificates

Glossary:

TSL fissue simulating liguid

CornvF sensitivity in TSL / NOBRM x,y,z
MA not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

|IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) In the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

|EC 62209-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions®,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feerd Point Impedance and Return Loss: These parameters are measured with tha dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed paint. The Return Loss ensures low
reflected power. Mo uncertainty requirad,

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, narmalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiphied by the coverage factor k=2, which for a normal disfribution corresponds to a coverage
probability of approximately 95%.

Cerificate No: DE35V2-48057_0ct12 Page 2 of 8
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Measurement Conditions

DASY aystem conliguration, as far as not given on page 1.

No. 2013EEB00134
Page 128 of 155

DASY Version DASYS V5283

Extrapolation Advanced Extrapalation

Phantom heodular Flat Phantom

Distance Dipole Centar - TSL 15 mim with Spacer

Zoom Scan Resolution dy, dy, dz2 =5 mm

Freguency 835 MHz £ 1 MHz
Head TSL parameters

The following parametars and calculstions were applied.
Temperatura Permittivity Conductivity

Hominal Head TSL parameters Za.0"c 41.5 0.90 mho/m

Measured Head TSL parameters (22,0 = 0.2) °C 41.8£6% 0.92 mho/m + &6 %

Head TSL temperature change during test <05°C — —
SAR result with Head TSL

SAR averaged over 1 em® (1 g} of Head TSL Condition

SAR measurad 250 mW input powar 2.44 Wikg

SAR for nominal Head TSL paramaters

nommalized to 1W

9,62 Wikg 2 17.0 % (k=2)

SAR averagad over 10 em® (10 g) of Head TSL

condition

SAR measured

250 mW input power

1,60 Wikg

S5AR for nominal Head TSL parameters

nomalized to 1W

£.32 Wikg = 16.5 % (k=2)

Body TSL parameters
The following paramsters and calculations were applied.
Temperature Parmittivity Canductivity
Neminal Bedy TSL parametars 22.0°C 55.2 0.87 mho/m
Measured Body TEL parameters (22.0+0.2)"C E38zE% 099 mho/m + B %
Body TSL temperature change during test =0.5°C — e
SAR result with Body TSL
SAR averaged over 1 cm? (1 g) of Body TSL Candition
SAR measured 250 m\W input power 243 Wikg

SAR for nominal Body TSL paramelers

nomnalized to 1W

9.52 Wikg = 17.0 5% (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAA measured 250 mWW input power 1.59 Wikg
SAR for nominal Body TSL paramaters nomnalizad o 1W 6.26 Wikg £ 16.5 % (k=2)
\\H.__
=%
Certilicate No: D835V2-44057_Oet12 Page 3 of B
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Appendix

Antenna Parameters with Head TSL
impedance, transformed ta feed paint B210Q-27i0
Ratumn Loss - 205 dB

Antenna Parameters with Body TSL

Impadarca, transformed to fesd paint 481 81 -4.4 (0
Retum Loss - 26.2 dB

General Antenna Parameters and Design

| Electrical Dalay (one direction) 1.396 ns |

Aftar long term use with 100W radizted power, only a slight warming of the dipole near the feedpoint can be measured,

Tha dipale is made of standard ssmirigid cosxlal cable. The center conductor of the feeding fina is directly connected to the
second arm of tha dipole. The antenna is therefore short-cleculted for DG-signals. On some of the dipoles, small end caps
are added ta the dipole amms in order fo improve matching when leaded according to the posilion as explzined in the
*Measurement Conditions® paragraph. The SAR data ara nal affected by this change. The overall dipele length is sl
according to the Standard,

Mo excessive force must ba applisd 1o the dipole arms, because they might bend or the soldared connections near the
feadpaint may ba damagad,

Additional EUT Data

Manufactured by SPEAG
Manufactured on Movember 27, 2006

Certificate Mo: DBISV2-4d057_Oct12 Papge 4 af &





